Introduction

Background and Scope
1
The role of the cardiac catheterization laboratory in trainee education and clinical care continues 2 to evolve. The cardiac catheterization laboratory serves as both a diagnostic and therapeutic facility. This 3 document addresses training in diagnostic cardiac catheterization (invasive cardiology) as distinct from 4 therapeutic catheterization (interventional cardiology). The catheterization laboratory has an important 5 diagnostic role in the evaluation and management of all types of cardiovascular disease: coronary, 6 structural heart, primary myocardial, and peripheral and cerebrovascular diseases. This role includes 7 invasive hemodynamic measurements and angiographic delineation of cardiovascular anatomy and 8 pathology. The information derived from these studies has a complementary overlap with that derived 9 from non-invasive diagnostic modalities such as echocardiography, nuclear imaging, computed 10 tomography (CT), and magnetic resonance imaging (MRI). This relationship has value both in enhancing 11 diagnostic accuracy and in fostering the understanding of cardiovascular anatomy, pathology, physiology, 12
and pathophysiology. The widespread use of echocardiography in addition to the growing use of 13 cardiovascular magnetic resonance (CMR) and CT angiography has also changed the practice of invasive 14 and interventional cardiology. Patients with diagnostic echocardiographic hemodynamic assessment of 15 valvular or myocardial/pericardial disease may be referred for diagnostic coronary angiography only. 16 However, patients in whom the echocardiographic findings are inconclusive are still referred to the 17 catheterization laboratory for hemodynamic assessment. These patients are often exceedingly complex. 18
Thus, even in this era of enhanced noninvasive imaging, the understanding and proper performance of 19 detailed hemodynamic evaluation in such patients remains critical. 20
The therapeutic role of the cardiac catheterization laboratory continues to grow as interventional 21 cardiovascular procedures are applied to increasingly complex and critically ill patients. Urgent 22 catheterization and percutaneous revascularization are now considered to be the standard of care for 23 patients with acute coronary syndromes, ST-elevation myocardial infarction, and cardiogenic shock. 24
Furthermore, new adjunctive pharmacologic regimens and interventional diagnostic and therapeutic 25 devices have emerged. In addition, many noncoronary therapeutic procedures including percutaneous 26 closure of atrial septal defects, valve repair or replacement, alcohol septal ablation, and peripheral 27 vascular procedures are performed frequently. These procedures, together with the use of left ventricular 28 assist and support devices have significantly expanded the scope of interventional cardiology. This 29 evolution has increased the cognitive and technical knowledge base required of invasive and 30 interventional cardiologists. It is essential that all cardiologists understand the appropriate application of 31 invasive and interventional cardiology and for those planning to practice these disciplines to achieve the 32 knowledge and skills needed for advanced training. Consequently, this document revises and updates the 1 standards for training in cardiac catheterization during the 3-year cardiovascular disease training program 2 (1) . 3
In addition to the cardiovascular disease examination, the ABIM provides a certifying 4 examination in interventional cardiology (2), and the Residency Review Committee of the ACGME has a 5 formal accreditation mechanism for interventional cardiovascular training programs (3). In 1999, the 6 ACC published a training statement on recommendations for the structure of an optimal adult 7 interventional cardiovascular training program (4), and the recommendations to prepare for advanced 8 training in interventional cardiology are updated in this document. The recommendations in this 9 document are consistent with the requirements of the ABIM, the ACGME, and the ABMS. This 10 document covers training in cardiac catheterization, and the ACC/American Heart Association 11 (AHA)/American College of Physicians (ACP) clinical competence statement on PCI covers training in 12 interventional cardiology (5) . 13
Training in diagnostic cardiac catheterization must occur and be able to be completed within a 14 cardiovascular training program that is fully accredited by the ACGME. If the program does not include 15 an accredited training program in interventional cardiology, exposure to an active interventional 16 cardiovascular program should be provided. All interventional cardiovascular training programs in the 17 United States must satisfy the basic standards developed by the ACGME/ABMS and must be accredited 18 by the ACGME for candidates to be eligible for the clinical interventional cardiovascular certificate of the 19 ABIM. The ACGME standards represent the qualifying requirements. This document endorses the 20 ACGME/ABIM standards for program accreditation and makes additional recommendations over and 21 above those standards. 22
The ultimate goal of a cardiac catheterization training program is to teach the requisite cognitive 23 and technical knowledge of invasive cardiology. This includes indications and contraindications for the 24 procedures, procedural skills, pre-and post-procedure care, management of complications, and analysis 25 and interpretation of the hemodynamic and angiographic data. The cardiac catheterization laboratory 26 provides a platform for the teaching of the core knowledge base of cardiac anatomy, pathology, 27 physiology, and pathophysiology that should be possessed by all cardiologists whether or not they 28 perform invasive cardiovascular procedures. In addition, it is this experience that provides the basic 29 intravascular catheter insertion and manipulation skills needed to care for cardiac patients in critical care 30 environments. 31
The Task Force was charged with updating previously published standards for training fellows in 1 cardiology enrolled in cardiac fellowship programs based on changes in the field since 2008 (1) and as 2 part of a broader effort to establish consistent training criteria across all aspects of cardiology. The Task  3 Force also updated previously published standards to address the evolving framework of competency-4 based medical education described by the ACGME Outcomes Project and the 6 general competencies 5 endorsed by ACGME and ABMS. The background and overarching principles governing fellowship 6 training are provided in the Introduction to COCATS, and readers should become familiar with this 7 foundation before considering the details of training in a subdiscipline like cardiac catheterization. 8
For most areas of adult cardiovascular medicine, 3 levels of training are delineated: 9
Level I training, the basic training required of trainees to become competent consultant 10 cardiologists, is required of all cardiovascular fellows and can be accomplished as part of a standard 3-11 year training program in cardiology. In the case of cardiac catheterization, Level I represents training for 12 those who will practice noninvasive cardiology and whose invasive activities will be confined to critical 13 care unit procedures. This level will also provide training in the indications for the procedure and in the 14 accurate interpretation of data obtained in the catheterization laboratory. 15
Level II training refers to the additional training in 1 or more areas that enables some 16 cardiologists to perform or interpret specific procedures or render more specialized care for patients and 17
conditions. This level of training is recognized for those areas in which an accepted instrument or 18 benchmark, such as a qualifying examination, is available to measure specific knowledge, skills, or 19 competence. Level II training in selected areas may be achieved by some trainees during the standard 3-20 year cardiovascular fellowship, based on the trainees' career goals and use of elective rotations. It is 21 anticipated that during a standard 3-year cardiovascular fellowship training program, sufficient time will 22 be available to receive Level II training in a specific subspecialty. In the case of cardiac catheterization 23 and peripheral angiography, Level II is defined as training for those who will either practice diagnostic 24 cardiovascular catheterization, or who will pursue further training in interventional cardiology. Level II 25 training may also be sought by those who aspire to advanced training in heart failure or 26
electrophysiology. 27
Level III training requires additional training and experience beyond the cardiovascular 28 fellowship to acquire specialized knowledge and competencies in performing, interpreting, and training 29 others to perform specific procedures or render advanced specialized care at a high level of skill. Level III 30 training is described here only in broad terms to provide context for trainees and clarify that these advanced competencies are not covered during the cardiovascular fellowship and require additional 1 training and designation by an independent accrediting board, often coupled with a certifying 2 examination. Level III training cannot be obtained during the standard 3-year cardiovascular fellowship 3 and requires additional exposure in a program that meets requirements will be addressed in a subsequent, 4 separately published in Advanced Training Statement (formerly in Clinical Competence Statement). 5
In the case of interventional cardiology, Level III training is for those who will practice 6 diagnostic and interventional cardiac and peripheral vascular catheterization and is undertaken during a 7 dedicated interventional cardiovascular training program. Level II training in vascular medicine (see 8 COCATS Task Force 9: Vascular Medicine) is also suggested prior to or in conjunction with Level III 9 training in catheter-based peripheral vascular intervention. 10
The number of procedures recommended at each level of training is based on published 11 guidelines (6), competency statements (5,7), and experience and opinions of the writing group. It is 12 assumed that training is directed by appropriately qualified mentors in an ACGME-accredited program 13
and that satisfactory completion of training is documented by the program director. The number of 14 procedures and duration of training required for each level of training are summarized in Section 4. 15 The training director for the diagnostic catheterization curriculum must be certified in 2 cardiovascular medicine by the ABIM and should be recognized as an expert in cardiac catheterization. 3
General Standards
Preferably, the director should be a full-time faculty member of the overall cardiovascular training 4 program, committed to medical education and teaching. If the director also serves as training director of 5 interventional cardiology, certification in interventional cardiology is required. The director should be 6 responsible for the invasive teaching curriculum and overall teaching program in addition to trainee 7 evaluation. If the program director is the director of the catheterization laboratory, this individual should 8 also be responsible for the administration of the laboratory, quality assurance, and radiation safety. 9
Other Key Faculty 10
Key faculty members should be certified in cardiovascular medicine by the ABIM and have 11 expertise in all aspects of diagnostic procedures, including the evaluation of coronary, valvular, 12 congenital, cardiomyopathic and peripheral vascular disease, and should be familiar with complex 13 hemodynamics in patients with all types of heart disease. The program faculty should include individuals 14 with expertise in the performance of trans-septal catheterization, the interpretation and performance of 15 intravascular imaging, and physiologic assessment. If the program also provides training in interventional 16 cardiology, its faculty must satisfy the requirements for programs in interventional cardiology by the 17 ACGME (3) and the requirements outlined in the previously-published ACC training statement (1) . 18
Ideally, the program should include faculty who possess skills in advanced interventional cardiovascular 19 techniques, including interventional therapy of structural heart, peripheral arterial and carotid artery 20 disease. 21
Facilities
22
All training facilities must be equipped and staffed to function in accordance with the 23 ACC/AHA/SCAI clinical expert consensus document on cardiac catheterization laboratory standards (7). 24
Equipment 25
X-Ray Imaging Equipment 26
The cardiac catheterization laboratory must generate high-quality X-ray digital images during 27 diagnostic and interventional catheterization procedures. Laboratories performing peripheral and carotid 28 angiography must have digital subtraction angiography and appropriately-sized image intensifiers (i.e., 29 12-in to 16-in). The laboratory must have access to the support personnel needed to ensure that image 30 quality is optimal and that radiation exposure to patients and staff is both monitored and minimized. 31
Radiation exposure to trainees must be carefully monitored on a monthly basis. 32
Hemodynamic Monitoring and Recording Equipment 1
The facility must have high-quality physiologic monitoring and recording equipment to permit 2 the accurate assessment of complex hemodynamic conditions. The presence of equipment for assessment 3 of coronary physiology, such as fractional flow reserve, and coronary and structural heart anatomy, such 4 as intravascular and intracardiac ultrasound, is strongly recommended. 5
Ancillary Support
6
The program must have on-site access to all core cardiovascular services, including a cardiac 7 critical care facility, and echocardiography and stress testing with nuclear imaging. Complete 8 electrophysiologic testing onsite is desirable, but it may be alternatively arranged by referral to an 9 affiliated institution. On-site support services for interventional cardiovascular training include cardiac 10 surgery, anesthesia, vascular and interventional radiology, vascular surgery, vascular medicine, 11 neurology, nephrology, and hematology. 12 clinical procedures. This experience is important not only to provide direct hands-on training but also to 3 provide the requisite material for clinical conferences. In addition to familiarity with the many 4 manifestations of coronary artery disease, all trainees should also acquire experience in the hemodynamic 5 assessment, evaluation, and management of patients with valvular, myocardial, peripheral vascular and 6 congenital heart disease. 7
Training Components
Clinical Experience
Hands-On Experience
8
The nature of a trainee's participation in a given procedure will vary depending on the 9 procedure's complexity and the trainee's experience level. Requisite participation in a procedure includes 10 the following elements: 11 1. Pre-procedural evaluation to assess appropriateness and to plan procedure strategy. Before the 12 procedure, it is expected that the trainee will review the patient's medical record and obtain a 13 confirmatory history and physical examination, with specific attention given to factors known to 14 increase the risk of the procedure, such as vascular disease, renal failure, history of contrast reaction, 15 congestive heart failure, anemia, active infection, and conditions known to increase the risk of as they progress through various levels of training and serve as an underpinning for the ACGME 18 reporting milestones. The ACC has adopted this format for its competency and training statements, 19 career milestones, lifelong learning, and educational programs. Additionally, it has developed tools to 20 assist physicians in assessing, enhancing, and documenting these competencies. 21 Table 1 
Evaluation of Competency
19
Evaluation tools in cardiac catheterization include direct observation by instructors, in-training 20 examinations, case logbooks, conference and case presentations, multisource evaluations, trainee 21 portfolios, simulation, and self reflection. Case management, judgment, interpretive and bedside skills 22 must be evaluated in every trainee. Quality of care and follow-up, reliability, judgment or decisions or 23 actions that result in complications; interaction with other physicians, patients, and laboratory support 24 staff; initiative, and the ability to make appropriate decisions independently should be considered. 25
Trainees should maintain records of participation and advancement in the form of a HIPAA-compliant 26 electronic database or logbook that meets ACGME/ABIM reporting standards and summarizes pertinent 27 clinical information (e.g., number of cases, diversity of referral sources, diagnoses, disease severity, 28 outcomes and disposition). 29
